Purpose: The mechanical strength of polymethyl methacrylate (PMMA) remains far from ideal for maintaining the longevity of denture. The purpose of this study was to evaluate the effect of Zirconium oxide (ZrO2) nanofillers powder with different concentration (1.5%, 3%, 5% and 7%) on the flexural strength, fracture toughness, and hardness of heat-polymerized acrylic resin. Materials and methods: Zirconium oxide powders with different concentrations (1.5%, 3%, 5% and 7%) were incorporated into heat-cure acrylic resin (PMMA) and processed with optimal condition (2.5:1 Powder/monomer ratio, conventional packing method and water bath curing for 2 hours at 95˚C) to fabricate test specimens of PMMA of dimensions ( 
Introduction
Acrylic resin polymethayl methacrylate (PMMA) has been the most popular material for the construction of dentures for many decades as it has many advantages such as good aesthetics, accurate fit, stability in the oral environment, easy laboratory and clinical manipulation, and inexpensive equipment's [1] . Although it is the most widely used in dentistry for fabrication of denture bases, this material is still insufficient to fulfill the perfect mechanical requirements for dental applications. This issue was attributed mainly to its low fracture resistance and plaque accumulation [2] [3] . In a survey to compare ten types of denture base resins it was found that nearly 70% of dentures had broken within the first 3 years of their delivery [2] . In a study evaluating the denture fracture, it was reported that 33% of the repairs were due to debonded/detached teeth, 29% of the repairs were because of midline fractures which were more commonly seen in the upper dentures and the rest were other types of fracture.
In another study the authors reported that the Mandibular partial denture was the most commonly needing repair [4] . So, the measuring of mechanical properties of the denture base materials is important to evaluate the effect of adding different strengthening materials [5] .
Undoubtedly that, many trails were made to enhance mechanical properties of denture base materials either by adding chemical solutions such as a polyfunctional cross linking agent (polyethylene glycol dimethacrylate) [6] or by incorporating a rubber phase [7] , metal fram [8] , metal oxides [9] , or fibers [10] . Despite these efforts to improve the fracture resistance of PMMA few have obtained promising results [11] [12] . The reinforcement of polymers used in dentistry with metal-composite systems has been a prime interest [12] .
Zirconium oxidenano-particles powder has been selected to improve the properties of PMMA, as a bio-compatible material that possesses high fracture resistance, and to improve fracture toughness of ceramics by developing a new generation of ceramic-matrix composites [13] [14] .
Since only limited amount of data regarding the effect of metal oxides on heat-cured PMMA are available in the literature, the purpose of this study was to investigate the influence of addition of metal oxides [zirconium oxide powder (ZrO 2 )] on some mechanical properties of heat cured PMMA.
Materials and Methods
An in vitro study was conducted to evaluate the effect of Zirconium oxide nanofillers powder (ZrO 2 ) (5 -15 nm) with different concentration (1.5%, 3%, 5% and 7%) on the flexural strength, fracture toughness, and hardness of heat-polymerized acrylic resin.
One type of heat-cure acrylic resin (PMMA) was used as the control (Acrostone (A), Anglo-Egyptian Company. Hegaz, Cairo, Egypt, Batch No.505/04), Zirconium oxide nanofillers powder (ZrO 2 ) (Sigma-Aldrich Germany, Trade 544,760) with different concentrations (1.5%, 3%, 5% and 7%) was added into heat-cure acrylic resin (PMMA) and processed with optimal condition (2.5:1 Powder/monomer ratio, conventional packing method and water bath curing for 2 hours at 95˚C) 150 bar shapes specimenswere prepared to be used in this study. 50 specimenswere used for each test [flexural strength (group A), fracture toughness (group B), and hardness (group C)].
Grouping of the specimens: Each group was further divided into five subgroups (1, 2, 3, 4 and 5) of 10 specimens each as shown in Table  1 .
Flexural Strength
Specimens were tested by 3-point bend test on Lloyd universal testing machine (model LRX plus II, Fareham, England) at a cross head speed of 1 mm/min. For the 3 point bend test, a fixture was fabricated with the [15] . On top of the fixture two plates were welded at a distance of 15 mm from the center on either side. A customized "T" shaped stress applicator rod with the dimension of 80 × 20 mm was fabricated, by which stress can be applied in the center of the specimen. The specimen was placed on the rollers in such a way that the center of the specimen coincided with the center of the distance between the two rollers. This whole unit was mounted on the lower jaw of the universal testing machine and the stress applicator rod was fixed on the upper jaw. A load was applied with "T" shaped rod on the center of the specimen until fracture occurred and peak force (F) values were recorded at this point in Newton [16] .
The maximum force (F) necessary to produce fracture of the specimens was recorded in Newton. The flexural strength Q was calculated in (MPa) for all specimens from the "Equation (1)":
"In this formula, "F" is the maximum load or force which is applied to the center of the specimen to fracture it (N); "I" is the distance between the two rests on the surface under the tensile force (mm); "B" is the width (mm) and "H" is the height of the specimen between the surfaces under the tensile and compressive forces (mm)."
Fracture Toughness
For fracture toughness testing, specimens were fabricated with the dimensions of 50 × 30 × 30 mm [15] . After all specimens were stored in distilled water at 37˚C for 24 hours, a notch was made in the middle of each specimen on one edge with 2.5 mm lengths using sand paper disk. Fracture toughness tests were performed on Lloyd universal testing machine (model LRX plus II, Fareham, England) with a cross-head speed of 1 mm/min, and peak load to fracture was recorded. The recorded data were used to determine the fracture toughness (K Ic ) in MPa.m 1/2 according to the "Equation (2)" [17] :
where pc is the maximum load (kN) prior to crack advance, b is specimen thickness (cm), w is the width of the specimen (cm), a is crack length (cm) and F is calculated from the following Equation (3): The recorded values of flexural strength, fracture toughness, and hardness were collected, tabulated and statistically analyzed. One way analysis of variance (ANOVA) and Tukey's tests were used for testing the significance between the means of tested groups which are statistically significant when the P value ≤ 0.05.
Results

Flexural Strength
Both Table 2 and Figure 1 show a comparison between mean flexural strength in (MPa) of the tested groups of PMMA. ANOVA test showed statistically significant difference between all groups.
PMMA specimen with 7% zirconium oxide nanofillers (ZrO 2 ) (group E) showed significantly highest mean flexural strength followed by PMMA specimen with 5% (ZrO 2 , group D) followed by PMMA specimen with 3% (ZrO 2 , group C) then PMMA specimen with 1.5% (ZrO 2 , group B). There were significant differences (P < 0.05) between studied groups. PMMA specimen without any additives (control group) showed significantly lowest mean flexural strength. 
Fracture Toughness
The tensile strength data showed there was significant improvement in the tested groups which were reinforced with zirconium oxide nanofillers (ZrO 2 ) ( Table 3 and Figure 2 ). There was significant increase in the fracture toughness for groups reinforced with (1.5%, 3%, 5% and 7%) ZrO 2 when compared with control group.
Hardness
Both Table 4 and Figure 3 show the mean hardness of tested groups. All specimens showed hardness mean values higher than that control group. PMMA specimen with 7% zirconium oxide nanofillers (ZrO 2 ) (group E) showed significantly highest mean hardness followed by PMMA specimen with 5% (ZrO 2 ) (group D) followed by PMMA specimen with 3% (ZrO 2 ) (group C) then PMMA specimen with 1.5% (ZrO 2 ) (group B). There were significant differences (P < 0.05) between studies groups. PMMA specimen without any additives (control group) showed significantly lowest mean hardness.
Discussion
We principally aimed to assess possible improvements in the mechanical properties of PMMA, in particular, the FS, fracture toughness, and hardness, through incorporating of ZrO 2 Nano particles. There are three ways to improve the mechanical properties of PMMA: replacing PMMA with an alternative material; chemically modifying it; and reinforcing the PMMA with other materials [19] [20] .
Addition of Zirconia Nano fillers to acrylic resin was found to improve mechanical properties. In addition to that ZrO 2 was used because it has excellent biocompatibility and white color which less likely to alter esthetic. The Nano-filler particles were used in this study as it yield a better dispersion, eliminate aggregation and improve its compatibility with organic polymer [21] [22] . Proper percentage range of zirconiumoxide Nano-fillers (Percentages of 1.5% -7% by weight) was selected because percentages above 7% was leads to massive changes occurred in the color of acrylic [23] .
Fractures in an acrylic denture base are a common clinical problem. Flexural strength of denture base resin was measured in this study because it is considered the primary mode of clinical failure [24] . Fatigue failure does not require strong biting forces as relatively small stresses caused by mastication over a period of time can eventually lead to the formation of a small crack, which propagates through the denture and results in a fracture. The maximal biting forces of a patient can reach up to 700 N, but these values are reduced (100 -150 N) [25] with the removal of dentures. Denture fractures are essentially due to stress concentration and increased flexing [26] . Many authors found that the fracture toughness seems to be a suitable measurement to demonstrate the effects of resin modifications [27] .
Hardness of the polymerized resin has been found to be sensitive to the residual monomer content in the resin material. Moreover, hardness measurement have been successfully used as an indirect method of evaluating polymerization depth of resin-based composite materials [28] and the degree of conversion of conventional heatpolymerizing and self-curing acrylic resins. In addition, hardness has been used to predict the wear resistance of dental materials [29] .
The Results of the present study demonstrated a significant increase in flexural strength, fracture toughness, and hardness as the percentage of ZrO 2 fillers increased. This improvement in mechanical properties could be attributed to the high interfacial shear strength between the nanofiller and resin matrix as a result of formation of cross-links or supra molecular bonding which cover or shield the nanofillers which in turn prevent propagation of crack, also complete wetting of the nanofillers by resin lead to increase in flexural strength, fracture toughness, and hardness as volume of filler increased [30] . It is noted also from these results that concentration of ZrO 2 (3%wt) lead to the maximum value of fracture toughness. There is no significant improvement in fracture toughness values of the modified acrylic resin at the concentrations of ZrO 2 above that limit (5%wt and 7%wt). It is probably due to complete saturation of the polymer matrix with the ZrO 2 particles [31] . Improvement of hardness with the increase in concentration of ZrO 2 nanofillers may have be due to inherent characteristics of the ZrO 2 particles. ZrO 2 possesses strong ionic interatomic bonding, giving rise to its desirable material characteristics, that is, hardness and strength.
The results of this study are in good agreement with the findings reported by others who concluded that reinforcement of ceramics, dental restorative resins as well as acrylic resin with Zirconia nanoparticles could exhibit improvement in their mechanical properties [31] - [33] . The increase of mechanical properties was due to good bonding between nanofillers and resin matrix [34] [35].
Conclusions
Within the limitation of this study, we can conclude that:
Addition of zirconium oxide nanofillers to PMMA increased the flexural strength, fracture toughness, and hardness of heat polymerized acrylic resin. According to the results of the present study, the best result was got when using the concentration of 7%wt.
Further studies are needed to investigate its effect on other mechanical and physical properties with different concentrations.
